Abstract
Introduction

31
The thalamus is a forebrain structure that develops from the diencephalic prosomere 2 (p2) 
19
We then mapped the spatial distribution of Sox14 + cells within all TC regions using the 
30
Unexpectedly however, 22.1±4.0% of the total GABAergic population in TC regions did not
31
express Sox14 (Fig. 1B,C ; 3Bii), and these cells appeared spatially largely non-overlapping
32
with the Sox14 + class (Fig. 1C,D 
20
( Fig. 1C; 2A) . Indeed, the cumulative distribution of NNDs was significantly shifted to smaller 21 distances within each of the classes than between them (p<1.4×10 -30 , 2-sample Kolmogorov-Smirnov test, n=3 brains; Fig. 2A ).
23
To characterise spatial organization of thalamic GABAergic interneurons in an unbiased 24 way, we then applied machine learning (k-Means clustering) to these same 3D 1 clusters, as assessed from the silhouette score ( Fig. 2Bii,C GABAergic cells in each spatial cluster, averaged over three brains (mean±SE).
6
To independently confirm our findings and control for potential effects of looking at a juvenile 
11
To infer their direction of migration, we determined the leading process orientation of
12
migrating GFP + cells along all three dimensions (ventro-dorsal, latero-medial, caudo-rostral; 
10
Sox14-negative thalamic interneurons populating higher order nuclei are born in the 11 forebrain
12
Having excluded the midbrain, we aimed to identify the origin of the Sox14 -interneuron class 
15
We also observed Pvalb -Dlx5 + cells in the thalamus, the majority of which had a glia-like 16 morphology and did not express GABA (Supp. Fig. 3C ). Occasional Pvalb -GABA -Dlx5 + cells
17
with neuronal-like morphology were also seen (Supp. Fig. 3C,D 
11
Immunohistochemistry and in situ hybridization
12
Mice were transcardially perfused with 4% PFA and the brains dissected and postfixed in 13 PFA at 4°C overnight, then washed in PBS for at least 24 hours at 4°C. For in situ all the subsequent solutions were treated with diethyl pyrocarbonate (DEPC; AppliChem).
16
The brains were cryoprotected in a sucrose gradient (10-20-30%), frozen on dry ice and 
21
Brain sections were washed in PBS three times and blocked in 2-7% normal goat serum (NGS) solution (in 1X PBS, 0.1-0.3% Triton-X100) for 2 hours at room temperature (RT).
23
Primary antibodies (Table 2) were diluted in blocking solution and incubated with the 24 sections (as stated in the table). This was followed by three 30min PBS washes, and dilution in PBS; Life Technologies), and mounted using ProLong Gold mounting media 1 (Invitrogen).
In situ hybridization 3
Gad1 antisense RNA probe was transcribed in vitro from full-length cDNA template (IMAGE NaCl, 10mM Tris HCl, 5mM NaH 2 PO 4 .2H 2 O, 1mM Tris base, 50mM EDTA) and applied 7 onto the slides, which were incubated in a humidified chamber at 65°C overnight. The slides 8 were then washed three times for 30min in wash buffer (50% formamide, 1X SSC, 0.1% 
25
Confocal z-stacks covering the extent of the thalamus across all axes (caudo-rostral, ventro-1 were then viewed with the Neurolucida software. TC nuclei were identified from the DAPI 2 counterstain, using cytoarchitectonically recognizable structures, such as the dLGN, the 3 habenular complex, the TRN, the anterior pretectum and the fasciculus retroflexus (fr), as 4 landmarks for orientation and reference. The cells of interest (Table 3) 
10
C57BL/6J coronal brain sections containing the thalamus were downloaded for each gene
11
(every 8 th 25µm-thick section, sampling every 200µm across the thalamus), and analysed in 12 the same way as described above.
13
3D reconstructions of cell distributions
14
3D reconstructions of cell (Table 3 ) distributions across thalamic regions were generated for 15 each brain separately using the Neurolucida software (MBF Bioscience), from the acquired 16 confocal z-stacks or Allen Mouse Brain Atlas in situ hybridization data as described above.
17
For each image the outline of the thalamus and the surrounding structures was manually 18 traced using the 'contour' function and the cells were annotated with the 'marker' function,
19
placed at the centre of the soma. Traced images were then aligned in sequential rostro- 
5
GFP brains were quickly dissected on ice and immersed in 4% PFA for 12 hours before 6 switching to PBS. 300µm-thick coronal sections were cut on a vibratome (Leica VT 1200S).
7
To increase the imaging depth, the sections were cleared following the ScaleSQ protocol interneurons.
These data were analysed separately for each brain (n=3) using a custom Python script, and 6 partitioned into clusters using the k-Means algorithm implemented in the library Scikit-Learn
(Buitinck et al., 2013). The algorithm takes as input the expected number of clusters k.
8
Multiple values of k were tested, and evaluated using the silhouette coefficient metric of 
